Photosynthetic bacteria evolve hydrogen at much higher rates than do other classes of photosynthetic microorganisms. In addition, they tolerate harsh environments, grow rapidly, and utilize both visible and near infrared light in photosynthesis. They do not split water, but this does not necessarily eliminate their potential use in future applied systems. They are easily manipulated genetically, and thus might be modified to metabolize common biomass·waste materials in place of expensive defined organic substrates. Furthermore, the potential for increasing hydrogen photoproduction via genetic techniques is promising. Strains that partially degrade cellulose, have high photoproduction rates, or contain very large amounts of the enzymes associated with hydrogen metabolism have been isolated, Green algae also produce hydrogen but are capable of using water as a substrate. For ex~ple, c. reinhardi can evolve hydrogen and oxygen at a molar ratio approaching 2:1. Based upon the effect of dichlorophenyl dimethylurea (a specific inhibitor of photosystem II, PSII) on hydrogen photoproduction in the wild type strain and upon results obtained with PSII mutants, one can demonstrate that water is the major source of electrons for hydrogen production. The potential efficiency of in vivo coupling between hydrogenase and the -photosynthetic electron-transport system is high. Up to 76% of the reductants generated by the electron transport; system can be channeled directly to the enzyme Tor !n vi~~hydrogen production. At present, the cost of defined carbonaceous substrates make their photoconversion by photosynthetic bacteria economically unfeasible.
If plentiful forms of biomass, such as cellulose or agar, could be metabolized by, or be made available to, these organisms, substrate costs would not be so prohibitive. Of the strains isolated so far only~. palustris EC has the capacity to metabolize cellu1o,e directly. It will mediate the photoconversion of cellulose into H 2 and CO 2 , but only at 1/30 of the rate that it utilizes lactate and only to a limited extent. Nevertheless, it appears possible that a more adept wild type or genetically engineered strain would make -this process feasible.
Alternatively, mixed cultures also show promise in H 2 production systems, thouqh they are subject to problems of stability. A coculture of~. su1fidophila BSW8 and an untyped non-photosynthetic marine isolate exhibiting agarase activity will evolve H 2 derived from ag~r for a period of 1-2 days. Mutant strains lacking secreted bacteriocins may alleviate problems of mutual intolerance.
Genetic techniques also can be employed to amplify photoconversion processes.~. capsulata mutant W12 is defective 1n its capacity to fix nitrogen (Nif-) and only produces small amounts of H 2• Since hydrogenase is present in the organism, the nitrogenase enzyme complex is responsible for at least the majority of the H 2 evolved in the wild type (2) . Strain W52, however, is defective in the uptake of H 2 (Hup-), and the rate of H 2 production is increased relative to that of the wild type. This indicates that H 2 evolved by nitrogenase is incapable of being reoxidized in this type of mutant, and therefore, the H 2 yield is higher.
Rates of H 2 production also might be improved by creating mutants genetically derepressed for nitrogenase (Nif c). Such a strain would permit the photoconversion of high-nitrogen biomass wastes. A partially derepressed mutant of~. rubrum has been generated by Weare (1), and although the assay conditions were not optimal, the mutant . exhibited a 75% increase in H 2 production over the wild-type parent. Lastly, major improvements in photosynthetic bacterial H 2 productioñ ates could probably be obtained if hydrogenase rather than nitro-. genase were used as the evo1vi ng enzyme since hydrogenase does not require the surfeit of ATP that is necessary for nitrogenase activity.
Such a mechnaism would require the existance or creation of efficient electron transport coupling and reductant pressures, however. Towards this goal we have surveyed large nu"'!bers of photosynthetic bacteria to identify strains most adept in H 2 uptake activity as indicated in Table 3 . One particular isolate, the BSW8 strain of~. which can be coupled to hydrogenase for H 2 production with a maximum .potentia1 net energy conversion effeciency in excess of 10% (3,4).
The following discussion will concentrate on defining the sources of reductant and the efficiency of coupling between the electron transport carriers and hydrogenase. We will also describe briefly some observations on the activation of the hydrogenase activity in vivo.
Source of Reductant
Since the discovery of algal H 2 photoproduction by Gaffron and Rubin in 1942 (5), the source of reductant has been a matter of considerable controversy (3, 6, 7) . The stimulation of H 2 production by glucose and other organic substrates, the insensitivity of the process toward inhibitors of PSII, the inhibition by monof1uoroacetate, and the concomitant release of CO 2 during H 2 production (a-l0) suggest that organic compounds are the major source of reductant. On the other hand, the simultaneous production of both Oz and H 2, the inhibition by DCMU, and the inability of PSII defective mutant strains to evolve HZ indicate a direct contribution of PSII and the water-splitting reaction (7, 11, 12) . In our studies using Chlamydomonas reinhardi, we routinely observe simultaneous production of H 2 and 02 in a molar ratio approximating the theoretical value of 2:1 ( Fig. 2) , indicating that water is the major source of reductant.
This conclusion is further supported by the data in Table 4 . The wild type strain produces.H 2 and O 2 with a molar ratio of 1.92. The production of both gases is abolished by addition of dich1orophenyl dimethylurea (DCMU), a specific inhibitor of PSI!. Moreover, mutant strain PET 20-1, with a mutational block on the reducing side of the-PSII reaction center, not only failed to produce O 2 but also was unable ·to generate H 2 at a rate exceeding a few percent of that obtainable with wild type cells. Oxygen production is also severely inhibited in the case of mutant PET 10-1, which is blocked on the oxidizing side of PSI!. However, a significant fraction of the H 2 production capacity was retained. As a result, the ratio of HZ to 02 increased from 1.92 (in the wild type) to 1Z. Furthermore, the addition of an exogenous carbon source, sodium acetate, stimulates the production of H 2 nearly two-fold but further suppresses the residual 02 evolving capacity of the mutant. In this case, 33 moles of H 2 were produced for each mole of 02' Clearly, the reductant must come from organic substrates rather than water. Since H 2 production by this mutant is inhibited by DCMU, substrates must enter the electron transport system on the oxidizing side of PSII.
Efficiency of Coup~ing in Vivo
An important aspect of H 2 photoproduction in algal systems which has rarely been addressed is the efficiency of in vivo coupling between hydrogenase and the photosynthetic electron transport system. Is ·the activity of hydrogenase and the associated redox carrier system sufficient to process the steady state flux of reductant generated by PSII?
The data summarized in Table 5 show that when properly adapted cells ·of f. reinhardi are illuminated under saturating white light, 84
moles H 2'mg Chl-l'hr-l are observed with simultaneous production of 02' Addition of sodium dithionite increased the production rate to 106~moles H 2'mg Chl-l.hr-l probably by eliminating the back (knallgas) reaction between H 2 and 02 (as illustrated in Fig. 2 
Activation of Hydrogenase in Vivo
Hydrogen production in green algae is catalyzed solely by hydrogenase which is inactive under aerobic conditions (3,6,7). Thus, both production and utilization of H 2 by algae requires an anaerobic adap· tion period of varying duration. Using washed, autotrophically . grown cells of f. reinhardi, we found that detectable rates of H 2 photoproduction appeared after 45 minutes of anaerobiosis and maximal H 2 production activity was obtained after 3-5 hours of anaerobic incubation. However, if the cells were resuspended in the same buffer supplemented with sodium acetate, H 2 production can be detected within 10-15 minutes of anaerobiosis, and maximal HZ production activity was attained in about 2 hours (see also expt. 1 of Table 6 ).
An acceleration of the hydrogenase activation by organic substrates can be expected if the process requires energy. Thus, one would expect the activation of hydrogenase activity to slow down if the energy production reactions of the cells were inhibited. In fact, we observed that CCCP strongly inhibits the activation of hydrogenase (Table 6 , expt. 2). Similarly, sodium arsenate (an inhibitor of ATP production by both substrate level and electron transport coupled phosphorylation reactions) caused a nearly complete inhibition of the activating process (Table 6 , expt. 3).
It must be emphasized that both agents had essentially no effect on the hydrogenase activity of preactivated cells. These observations clearly establish the energy requirement of the hydrogenase activating process in vivo. 
